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Preface 
Martin Forsius and Sirpa Kleemola 
ICP IM Programme Centre 
Finnish Environment Institute 
P.O.Box 140 
FIN-00251 Helsinki 
Finland 
The Integrated Monitoring Programme (ICP IM) is part of the Effects Monitoring Strategy 
under the UN/ECE Long-Range Transboundary Air Pollution Convention. The main aim 
of ICP IM is to provide aframework to observe and understand the complex changes occurring 
in the external environment. The monitoring and prediction of complex ecosystem effects 
on undisturbed reference areas require a continuos effort to improve the collection and 
assessment of data on the international scale. 
This report presents results from assessment activities carried out by the ICP IM Program-
me Centre and collaborating institutes during the programme year 1996/97: 
Section 1 of the report summarises the present monitoring activities and the content of the 
ICP IM database, and describes the efforts to create a GIS database (and user interface) for 
the IM sites. The development of the IM-database has received funding from the EU/LIFE 
Financial Instrument (project 'Development of Assessment and Montoring Techniques at 
Integrated Monitoring Sites in Europe'). 
In Section 2 the use of steady-state techniques vs. dynamic modelling for the calculation of 
critical loads are compared and assessed. Critical loads for Europe are presently mostly 
computed with the so-called (steady-state) simple mass balance (SMB) model. In this 
section the equations which lie in the heart of the steady-state and dynamic models are 
presented, and it is shown how critical loads are derived from them. Using data from one 
IM site it is also demonstrated how the amount of exchangeable base cations and other soil-
specific parameters influence the time needed to reach a steady-state under critical deposi-
tion loads. Dynamic modelling is presently one of the main priorities of the IM programme. 
The study has been carried out as a collaboration between the Coordination Center for 
Effects (CCE) and the ICP IM Programme Centre. 
In Section 3 first results from a trend analysis of ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry are presented. These results show that statis-
tically significant trends can be detected for both deposition and runoff water quality at 
many sites across Europe, as a response to the emission reduction protocols signed under 
the UN/ECE LRTAP Convention. Such empirical evidence is obviously of central impor-
tance for the assessment of success of international emission reduction policy. The trend 
analysis has been carried out at the ICP IM Programme Centre. ICP IM data have also 
been used for a comparable trend analysis carried out by the ICP Waters and presented in 
the 9-years report of that programme. 
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Finally, in Section 4 the use of ICP IM data for advanced hydrological modelling is de-
monstrated. The calibrated SVAT model can be used for assessing the effects of climate 
change scenarios on key ecosystem properties like soil moisture and temperature, and can 
thus contribute also to more policy oriented work. This study has been carried out as part of 
the EU/LIFE-project 'Development of Assessment and Montoring Techniques at Integra-
ted Monitoring Sites in Europe'. 
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Monitoring sites and development 
of the GIS database 
•••••••••••••••••••••••••••••••••••••••••••••• 
Sirpa IQeemola and Yki Laine 
Finnish Environment Institute 
P.O. Box 140 
FIN-00251 Helsinki 
Finland 
1.1 Monitoring sites 
The Integrated monitoring network presently covers twenty-three countries. Most 
of these are European countries, out of the North American countries only Canada 
is taking part in the programme. 
In the present IM manual the monitoring sites are divided into two categories 
but in the future this categorization will change: 
A. At the Intensive monitoring sites (A-sites) samples are collected and 
observations made for many compartments in the ecosystem for the 
application of complex models. Intense investigations of dose-response 
relationships are also carried out. Strict siting criteria have been set for the 
A-sites. These sites are normally located in protected areas. 
B. Biomonitoring sites (B-sites) have the objective to quantify the variation 
between sites concerning some of the more important features like input-
output mass balance models of elements and models for bioindicators on 
the spatial basis. Biomonitoring for detecting natural changes, effects of air 
pollutants and climate change, is a particular aim of these sites. 
Fifteen countries in the IM network have at least one intensive monitoring site. 
Seven countries are running one or several biomonitoring sites. Of the fifteen 
countries with intensive monitoring sites, seven have additional biomonitoring 
sites. One country has chosen a monitoring site but the monitoring has not yet 
started at this area. 
All in total, integrated monitoring data is at present available from 59 mostly 
European sites. Location of the IM monitoring sites is presented in Figure 1.1. 
The performance of monitoring activities at the sites are presented in the 3rd 
Annual Synoptic report, 1994. An overview of the data reported internationally to 
the ICP IM Programme Centre and presently held in the IM database is given in 
Table 1.1. The data requirements for both intensive and biomonitoring sites are 
also indicated in the table. In spite of the wide coverage of the monitoring network, 
many National Focal Points (NFP) have, due to financial or organizational reasons, 
had problems in carrying out all the subprogrammes. Some of the NFPs have also 
had problems in reporting complete parameter sets to the Programme Centre. 
Due to these facts, there is still need to improve the coverage of internationally 
reported data. 
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Geographical location of the Integrated Monitoring sites 
9 A-site, intensive site 	 0 activities suspended 
0 B-site, bsomonitoring site 	® activities suspended 
0 C-site, programme to be started 
Figure 1.1 Geographical location and categorization of the Integrated Monitoring sites. 
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Table 1.1 Internationally reported data held presently in the ICP IM database 
AREd SUBPROGRAMME 
AM AC DC MC TF SF Sc SW GW RW LC FC LF RB LB FD VG EP AL MB In 
climac Umu hf. cmlbw roil milantcr rMw. nmof( lxke four c li liufilI h dioU. hy. fata wnt <+iJ miwD. 
chcm` tuni 4~ss durs tl< N ch< o(ur. oflrkca drmatc h u a.J a= 
Inwui •c X x x x X x x x x ~X c ~%  x x x x x x  x  x % 
Bio,,onic X DCw' 73 DC XI X2 X2 ifaleoLB )L' if hhn LC X X X X X 
BY02 89-95 89-95 89-95 95 95 
CA01 88-94 88-94 88-94 88-94 
CHO1 88-96 88-96 88-96 91-96 90-96 88-96 - 89 - 95 
CZA1 89-95 89-95 89-95 89 89-95 89-95 - - 
DE01 90-95 90-95 90-95 90 90-95 90-95 90 90-95 88-95 90-95 - 90-95 90-95 - 90-95 90-95 92-95 
DK01 92-95 92 86 92-95 - - - - 
DK03 94-95 94-95 95 94-95 - - - - 95 
EE01 95 94-95 94-95 94 94-95 94-95 94 94-95 95 - - 94 94 - - 94-95 94 94 94 
EE02 94 94-95 94-95 94-95 94-95 94-95 95 95 94-95 94-95 94-95 94 
FI01 88-95 94-95 88-95 88-91 89-95 89-95 88-89 89-95 88-94 87-94 88-95 90-95 90-93 88-91 88-95 88-94 
F102 88-94 87-94 
F103 88-95 93-95 88-95 89-91 89-95 89-95 88 89-95 88-95 87-95 88-95 90-95 90 88-91 90-95 90-94 
F104 88-95 89-95 88-95 89-91 89-95 89-95 89 89-95 88-95 86-95 89-95 90-95 89-91 89-95 89-94 
F105 88-95 88-95 91 89-95 89-95 88 89-95 89-95 87-95 88-95 90-95 88-91 89-95 89-94 
GBO1 88-95 91-94 88-94 90 90-91 88-95 - - 
0B02 88-94 91-94 88-95 88-91 88-91 90-91 88-95 - - 
HU01 88-93 88-93 88-93 92-93 90-93 90-93 88 89-93 - - 92 92-93 - - 
1701 93-95 93-95 93-95 93-95 93-95 93 93-95 93 92-94 92 93 
1T02 93 93 93-95 93-95 93-95 93 93-95 - - 93 - - 92-94 92 
1T03 93-95 93 - - 93 94 - - 93-95 95 92 
IT04 93-95 93 - - 93 94 - - 93-95 92 
LT01 93-95 93-95 93 93-95 93 93 93 93-95 
LT02 93-95 93-95 93 94-95 93 93 - 93-95 - 93-95 
LT03 95 95 95 95 94-95 
LV01 93-95 93-95 93-95 94 94-95 94-95 94 94-95 94-95 93-95 - 94-95 94-95 95 - 94-95 94-95 94-95 
LV02 93-95 94-95 93-95 94 94-95 94-95 94 94-95 94-95 93-95 93-95 94-95 94-95 95 95 94-95 94 94 
NL01 93-95 90-95 90-95 93-94 93-95 93-95 93 93 - 90-95 93-95 93-95 - 92-95 84-95 
N001 87-95 87-95 87-95 92 89-95 86 89-95 87-88 87-95 - 86 - 91-95 86 86 
N002 87-91 87-95 87-95 88 89-95 89 89-95 87-95 - 89 - 92-95 89 
PLOT 88-94 88-94 88-95 88-90 93-95 88 93-95 88-95 88-95 88-90 
AREi SUBPROGRAMME  
AM AC DC MC TF SF SC SW GW RW LC FC LF RB LB FD VG EP AL MB Info 
dim roJ1.— .w. .fl hk. folu c )iuufall h'droD. h dmL. (orw ~ bL  
ycrnr rM minn N Mrm r1.mu M<m eArmi: rMm of ur o(latu Aaana hfes r.alrrc d—. 
x x x x x X w 	C  x X X X X X X % X % 
Bio 	1, X nC., i TF 	DC XI  X X % X 
PLA2 91 90-91 89-90 90-91 90-91 91 
P1.03 92-94 93-94 93-94 93-94 91-94 93-94 - 92 - 
 93 93 93-94y 93-94y 93-94y y=yearly 
PT01 88-95 89-95 94-95 90-95 90-95 
RU03 89-94 89-95 89-95 
RU04 89-94 89-95 89-95 90 93-95 93 93 93 94-95 
RU05 89-93 89-93 89-93 90-91 89-93 93 90 90 90 
RU12 93-94 93-95 93-94 
RU13 93 93-94 93 
RU14 94 94-95 94-95 
RU15 90-95 90 90-95 94 90-95 90-95 90 90-95 90-95 - 93 - 91 94 
RU16 89-90 89 89 89 93-95 93-94 91-94 89-94 93 94-95 
RU 18 92-95 92 92-95 92-95 93 94-95 95 92 92-94 92 93 94 93 93 
SE01 83-91 83-94 92-93 82-90 84-95 84-93 84-95 91-92 88-95 87-92 82-93 83-92 83-95 
5E02 83-91 83-94 92-93 82-90 85-95 84-94 84-95 91-92 90-95 88-92 82-94 83-92 94 83-95 
5E03 83-91 83-94 92-93 88 87-95 85-94 84-95 91-92 91-95 87-92 84-91 84-90 85-95 
5E04 87-91 88-95 87-95 95 87-95 95 87-88 79-95 87-95 - - 95 93-95 95 
5E05 83-94 83-92 84-95 83-93 83-93 
5E06 85-94 82-94 86-95 - - 82-91 82-92 84-94 
5E07 82-93 - - 87-92 82-93 82-92 89-92 83-93 
5E08 83-94 84-94 84-95 88-92 83-93 90-92 84-93 
5E09 88-94 86-92 88-95 87-95 88-94 86-94 86-91 90-94 87-93 
SE10 88-94 88-94 86-95 85-95 88-94 84-94 87-92 89-94 
SE11 83-92 82-94 84-95 88-94 82-94 87-92 89-94 83-93 
5E12 83-94 82-94 84-95 88-94 82-94 82-92 89-94 83-95 
5E13 89-94 89-95 - - 89-94 92 
5E14 95 95 - 95 - 82-92 95 
SE15 95 - 95 - 95 
UA17 90,93 93 
Subprogramme not possible to carry out 
' or forest health parameters in former subprogrammes Forest stands/Trees 
X1: included if a forest cause/effect site 
X2: plots: SW (soil water flow inel.), catchments: RW (runoff incl.)+ RB 
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1.2 Development of the GIS database 
A GIS database is being developed in the Finnish Environment Institute, which 
contains cartographic information of the IM-sites in numeric format. Original paper 
maps and digital data sets for the database have been obtained from the 
participating institutes. Paper maps have been digitized by a consultant. The 
software used for the development of the database is ARC/INFO and therefore all 
data sets have been converted into ARC/INFO format. 
Most of the themes (map layers) are in the national coordinate system of the 
country, where the monitoring area is situated. Original paper maps of some sites 
did not include any coordinate points and for that reason a new coordinate systems 
has been created for these sites. 
The original aim was that the database would include from each monitoring 
area at least the following themes: area boundaries, permanent plots, vegetation 
zones, soil cover and digital elevation model. Also some additional themes like 
base map, aerial photos, forest and geology have been included to the database, if 
these data sets have been available. The present contents of the database are shown 
in table 1.2. 
1.3 Interface to the GIS database 
An easy-to-use interface to the GIS database has been built using ArcView3 software 
and its Avenue programming language. When the user starts the interface, he 
gets a view, which contains all the IM-sites (which include at least the basic 
information) and borders of European countries (figure 1.2). The user can get the 
basic information from a selected IM site by clicking on it. To get a closer view 
from some specific site the user can select it by clicking on it or giving its name or 
code. The different themes (an example given in figure 1.3) of the site are drawn 
to the view using menu choices. The user can obtain information related to a 
selected plot. Some GIS analysis like intersections of themes can be made. The 
user can also easily print maps and make image files to be used in another software. 
Some of the functions described above are still being developed. 
Acknowledgements 
The EU/LIFE Financial Instrument is acknowledged for financial support 
concerning the development of the GIS database (project 'Development of 
Assessment and Montoring Techniques at Integrated Monitoring Sites in Europe', 
LIFE95/FIN/A11/EPT/387). 
The Finnish Environment 116 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
IIIIIlIIIIiiIIIiiIIIIiiIIIIIIIHIIHhIIIIIHIHIlIHhIIIOIIIII 
iIIIIIIIIIIIIIIIIllhIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
IIIIIOIIIIOhIIHIHIIIIIIIIIIIIIIOIIIIHIIOOIHIOhIIlOIi 
iIIIIIIIIIlIIIIIIIIIIIIIIIIIIIOIIIIIIIIIIuhIIIIIIIIIIIIIIIIIIi 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllhIIIIIIIII 
iiiiiiiiiiioiiiiiii:iiiiiiiiiiiiiiiioiiiiiiiiiiiiiiiiiiiiii 
iIIIIOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllhIIIIIIII011hIIIIIII 
... I 
0 . . . . . . . . . . . . . 	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . The Finnish Environment I I6 
File 	IMsite VectorData 	Grid Image 	Help 
+ i— 	j' e 	
T 
Sae 1 i 28.37 7 ,632 	I 
- v 1 
T 
A • 
V EU?ope sha 
1 i 
t 
• 
• 
• 
• 
• 
O 
. ' 'c: 
R 
äJ 
E 
C 
O 
C 
w 
L 
C 
C 
Figure I.2 The first view of the GIS interface. 	 L F-- 
0 
H 
(D 
21 
D 
m 
5, 
.TjjTjflJI 
File 	IMsite 	Vec`rarData 	Grid 	Image 	Help 
lom 	 Scale rt: 26.399 	
516,Eg.34 H 
I 	~ - 	 - 	 5,955:~s4,ö5 	~ 
¢ 	 1iy
ly ,- 
morr arkirgSfte 
A; 
f watershed 
S7reaw s 
' flarns -een#pdotD 
" '-- 	: 	- 
, 	c:t 
L 
/ 
/-w #k 
.;'' 	take 
' 
Ve getasiorr 
~låo-white-fi 
p1 	. 
. 	• 	 . 
soeai Soots c 
. 	.. 	öö eal seo'rye 
0 8oreaf sprr~ae 
.- 	- 	-. 
r
- 
	 ~:_ 	 - 	.. 	~. 	.: 	i,r.:;;`>, 
Q Gottorrgrrass s•~ _ - _ 
r~ Grå vei Set-ä.'re 
2tE; 
	
s;= 	: ; 	- 
, 
~ 	 ',~~5'~~, •' 	,.,f_ ! 
AAat-grass sEi a 
; ti. 	F  
i 
® Meso-eurropk, 
: 	w:.::`åf 
E] filatlue oQmi#ilsr  - 
5 	= = 	'.r.. Sphagnum sie 
Suporteanfa ;i 
. 
f  
C oro } r 	- 	- 
~krvfoglåjlaf ö 
Ffuvfogfaaiaf i 
~`taofoaquaf ar 
'"~~,~ 
J:J 
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Critical loads and dynamic models 
M. Posch', M. Johansson2 and M. Forsius2 
'Coordination Center for Effects (CCE) 
National Institute of Public Health and the Environment (RIVM) 
EO.Box 1, NL-3720 BA Bilthoven, The Netherlands 
'Finnish Environment Institute (FEI) 
Impacts Research Division 
PO.Box 140, FIN-00251 Helsinki, Finland 
2.1 Introduction 
Critical loads have been used in the revision of the Sulphur Protocol of the 
Convention on Long-Range Transboundary Air Pollution (LRTAP) of the United 
Nations Economic Commission for Europe (UN/ECE 1994). A critical load is defined 
as "quantitative estimate of an exposure to one or more pollutants below which 
significant harmful effects on specified sensitive elements of the environment do 
not occur according to present knowledge" (Nilsson and Grennfelt 1988). Besides 
using empirical methods, critical loads for Europe are mostly computed by the so-
called simple mass balance (SMB) model using national data and, if national data 
are not available, using a European data base (see Posch et al. 1995). The 
methodology for computing and mapping critical loads are summarized in a 
Mapping Manual which is updated periodically (UBA 1996). The most common 
receptor for which critical loads are computed are forest soils, and also in this 
paper we restrict ourselves to this type of ecosystem. 
The SMB model is based on the charge balance of the major ions in the soil 
leachate, the concentrations of which are determined by the deposition of the 
various components (sulphate, nitrate, base cations) and the sources and sinks of 
those ions within the rooting zone (e.g. weathering and uptake). Critical loads, i.e. 
maximum values of sulphur and nitrogen deposition, are then derived by setting 
a limit to the leaching of acid neutralizing capacity ANC, e.g., by requiring that 
the molar ratio of aluminium to base cations in the soil solution stays below one. 
Critical loads are derived for steady-state conditions and thus finite pools, which 
could buffer excess acidity for a limited time period (e.g., cation exchange and 
sulphate adsorption) are neglected. 
To describe the change over time in the chemical status of forest soils, dynamic 
models are needed. Dynamic models, although varying in details, are based on 
the same principles - charge balance of the ions in the soil solution and mass 
balances of the elements considered - but also describe the changes over time of 
the finite element pools. Some of the more widely used dynamic soil models are 
MAGIC (Cosby et al. 1985), SAFE (Warfvinge et al. 1993) and SMART (De Vries et 
al.1989, Posch et al.1993). Besides many other applications, all three models have 
been used to simulate the past and future time development of the soils at different 
ICP IM sites (see Forsius et al. 1996). 
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In this paper we present the equations which he at the heart of the steady-
state and dynamic models, repeat how critical loads are derived from them, and 
then explain how the core of the dynamic soil model SMART is constructed. Finally, 
using the IM site Afon Hafren as an example, we demonstrate how the amount of 
exchangeable base cations and other soil-specific parameters influence the time 
needed to reach a steady state under critical deposition loads. 
2.2 Basic equations 
The ions in the water leaving the root zone have to fulfil charge balance: 
H I, + Al,, + BC, + NH4 k = SO4.k  + NO3 k + Clk + HCO31e + RCOOk (1) 
where BC stands for all base cations, BC=Bc+Na, with Bc=Ca+Mg+K, with all 
quantities expressed in equivalents (moles of charge) per unit area and unit time 
(e.g. eq/ha/a). The leaching terms are given byX,, =Q[X] for every element X, where 
Q is the water percolating from the root zone. Here and in the following we 
suppress the charges from the element symbols. The (leaching of) acid 
neutralization capacity (ANC) is defined as: 
ANCle _ - Hk - Alle + HCO3  7e + RCOOk 	 (2) 
where RCOO stands for organic anions. Thus we have for the charge balance: 
Bc,+NH4k -S041 -NO3k -Cl1 =ANC 	 (3) 
which shows that ANC is independent from the partial pressure of CO2 (since the 
left-hand side of the equation is), one reason why ANC is considered a useful 
quantity for characterizing the soil (solution). 
Changes in the concentration of ion X, and thus in the leaching, are 
determined by the mass balance for that ion: 
dX 10 /dt = X in + X Nt - X1e 	 (4) 
i.e. the change of the total amount, X,,, in the soil profile over time is given by the 
input flux X.n plus the net internal production X (sources minus sinks) minus the 
amount leached. 
The input fluxes are given by the total deposition of ion X, X.n=X AN, whereas 
for the internally generated fluxes we have: 
SO4l, I = 0, 	Cl_n' = 0, 	BC.n , = BCw - Bcr, 	 (5) 
i.e. we assume that chloride and sulphur act as tracers; BCw  is the weathering of 
base cations, and Bc. the net growth uptake. Furthermore, assuming complete 
nitrification, we have: 
N1,, = NO3   + NH4,1n, = - N. - N - N& 	 ( 6 ) 
where N. is the amount of N immobilized, and N de denotes denitrification. Note, 
that for simplicity we have neglected several nitrogen processes, such as N fixation. 
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2.3 Steady state (Critical loads) 
By definition, steady-state assumes no change in time of the total amounts of ions 
involved: 
dX jdt = 0 = > X = X + X. 	 (7) 
i.e. the amount of ion X leached is equal to the amount deposited plus the net 
amount generated internally. Inserting the different terms, the charge balance 
assumes the form: 
ANC,, = BCde p -Cl + BCw -BC + N. + Nu + N~ - Sb - N 	(8) iep 
Knowledge of the deposition terms, weathering (e.g. from budget studies or 
models such as PROFILE; Warfvinge and Sverdrup 1992), the net uptake (from 
the harvested biomass), and a (long-term) immobilization and denitrification (from 
soil properties) allows to calculate the ANC leaching, and thus assess the 
acidification status of the soil. 
Conversely, critical loads of S and N are computed by defining a critical (or 
acceptable) ANC leaching, which is set to avoid "harmful effects": 
CL(S+N)=CL(S) + CL(N) = BC -Cl + BC -BC + N. + N + N -ANC 	(9)  dep 	w 	u 	i 	 u 	de 	le(crit) ( ) 
When comparing S and N deposition to CL(S+N) one should bear in mind 
that the nitrogen sinks cannot compensate incoming sulphur acidity, i.e. the 
maximum critical load for sulphur is given by: 
CLn~X(S) = BC1p - Clde p + BCw - BCu - Alk le( 	 (10) 
This expression has also been termed critical load (or deposition) of acidity; 
and it had been used to derive the critical deposition of S - used in the negotiations 
of the Second Sulphur Protocol - by multiplying it with the so-called sulphur 
fraction (see, e.g., Hettelingh et al. 1995). Furthermore, if 
Nom, < N. + N„ + Nd, =: CLm., (N) 	 (11) 
all deposited N is consumed by the N sinks in the soil, and sulphur can be 
considered alone. The maximum amount of allowable N deposition (in case of 
zero S deposition) is indeed given by CL(S+N): 
CL„nax(N) = CL(S+N) = CLm.,r(N) + CL„ax(S) 	 (12) 
Figure 2.1 shows the relationship between S and N deposition and the critical 
loads defined by eqs.9-12. 
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Figure 2.1 Relationship between N and S deposition and the critical loads of sulphur and 
nitrogen. For every pair of deposition (Ndep,Sd ) lying on the function shown as thick line or 
below in the grey shaded area one has non-exceedance of the critical load CL(S+N). 
The simple relationship between CL(S) and CL(N) (eq.9) holds only true as 
long as the sinks of nitrogen are constants and not dependent on the amount of N 
deposited. With a deposition dependent denitrification, for example, N and S 
deposition cannot be "exchanged" one-to-one, and the slope of the critical load 
function becomes smaller than one. For more details see Posch et al. (1995) and 
UBA (1996). 
According to current practice (UBA 1996), the critical ANC leaching is not 
specified as such, but derived from a critical Bc/Al ratio (which in turn is linked to 
the risk of growth reductions, see Sverdrup and Warfvinge 1993). Neglecting HCO3 
and RCOO we get from eq.2: 
ANCre(C„t) _ - AlU(c. t) - Hk(C,jt) _ - Q : ((Al l,,,, + (H).) 	 (13) 
The critical aluminium leaching is related to the critical Bc/Al ratio via 
Alk(  it) = 1.5 : Bc, l (Bc/Al)c,1 	with Bc1e = Bc + Bcw - Bcr 	(14) 
where the factor 1.5 arises from the conversion of the molar Bc/Al ratio to equiva-
lents. Finally, the (critical) proton concentration is calculated from the following 
equilibrium equation with aluminium: 
[Al] = bb • [ ]3 	 (15) 
Besides the critical Bc/Al ratio, a critical pH and a critical aluminium 
concentration have been suggested as indicators for harmful effects (UBA 1996). 
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2.4 Dynamic models 
Dynamic models describe the change over time of the amount of each element in 
the various phases (soil matrix, soil solution), i.e. X,1 has to be specified (see eq.4). 
For sulphate (we neglect adsorption), nitrogen and chloride the amount is simply 
given by the amount of solution in the soil profile: 
Xtot = Oz [X], 	X= SO4, N, Cl 	 (16) 
where O is the volumetric water content at field capacity and z is the soil depth. 
For aluminum and the base cations also cation exchange has to be taken into 
account: 
Y.,=Oz[Y] +pzfY CEC, 	Y = Ca, Mg,K,Na,Al 	(17) 
where p is the bulk density, CEC is the total cation exchange capacity and f.k,  is the 
fraction of ion Y at the exchange complex (I f y  =1 - f y ). 
Together with equilibrium reactions (e.g., Gaines-Thomas equations for the 
f y, etc.) and proper initial conditions the resulting set of (differential) equations 
can be solved to obtain the time development of the ion concentrations and other 
variables (such as the fY s). 
The dynamic soil acidification models mentioned earlier are all based on the 
principles described above, but they differ in many details such as the number of 
soil layers (here we assume one homogeneous box of mineral soil), the description 
of the various nitrogen processes (only net nitrogen input/output or description 
of the whole nutrient cycle) and the description of organic anion and aluminium 
reactions, to mention just a few. 
Dynamic models can be used to look at the time aspects of critical loads, i.e. 
for the investigation of the sustainability of the present state of the soil/water system. 
Depending on the present state of the system the following questions can be of 
interest (see also Warfvinge et al. 1992 for a more detailed discussion): 
(1) The present load is greater than the critical load: How long does it take to 
reach the critical value (e.g. Al/Bc=1), i.e. when does the risk of damage 
strongly increase? This information can be important for the timing of 
mitigation measures. 
(2) The system is already at risk (e.g. Al/Bc>1): For a given deposition below the 
critical load, how long does it take for the system to recover? Or, by how 
much must the present deposition be reduced (below the critical load) to 
recover within a prescribed time period? 
2.5 Example 
In this section we will use the data from Mon Hafren, an IM-catchment in Wales 
(GB02), to compare the results of dynamic model runs with critical load calculations. 
Model applications to this catchment have been carried out in an earlier exercise 
using the MAGIC, SAFE and SMART model (see Forsius et al. 1996). The main 
parameters of this catchment needed to run SMART are summarized in Table 2.1. 
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Table 2.1 Soil characteristics of Afon Hafren (catchment averages). 
Variable 	 Value 	 Unit 
Mean soil depth 0.88 m 
Bulk density 1.256 g/cm3 
Total cation exchange capacity 32.2 meq/kg 
Volumetric water content at field capacity 0.45 m/m 
Base saturation (1990) 11.6 
Runoff (average 1990-94) 2.067 rn/a 
The time development (past and future) of sulphur, nitrogen and base cation 
depositions as well as the uptake fluxes of nitrogen and base cations at Afon Hafren 
are derived from (long-range) deposition models and a simple forest growth model 
(Johansson et al. 1996) taking into account the age (about 50 years) and distribution 
(50% of the catchment area) of forests as well as bulk and throughfall measurements 
at the site. Figure 2 shows both the time patterns of depositions and uptake, which 
are inputs to SMART, as well as the major outputs, molar Al/Bc ratio, soil solution 
pH, ANC-leaching and base saturation, from a simulation for Afon Hafren, 
calibrated to fit the observed base saturation in 1990 (and observed stream water 
chemistry; not shown here, see Forsius et al. 1996). 
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Figure 2.2 Time development (1900-2100) of the deposition and uptake fluxes as well as major model output variables 
for Afon Hafren as simulated by the SMART model. 
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While the deposition patterns follow a "best prediction" scenario (S reductions 
according to the Second Sulphur Protocol, N and base cations at present level), 
the uptake reflects the growth pattern of the forest planted at Afon Hafren about 
50 years ago. The simulation shows that the average soil pH will drop from 
presently about 4.7 to about 4.4, the leaching of ANC will rapidly increase, and 
base saturation will drop from presently 11 % to about 2.2%. The molar Al/Bc-ratio 
stabilizes at about 0.32, well below the most cited critical value of Al/Bc=1. 
Therefore, if the dynamic model and the steady-state calculations are compatible, 
we have to conclude that critical loads are not exceeded. To check this, we calculate 
the critical loads of S and N according to the procedure outlined above. To obtain 
steady-state uptake values, we take the average values from 1950 to 2050, assuming 
a 100-year rotation period. The resulting values are shown in Table 2.2. 
Table 2.2 Critical loads for Afon Hafren (see eqs.9-12; all in eq/ha/a) 
Variable 	 Value 
BC&p CI +BC -8C 	 877 
ANC 	 3558 
le 
CL
m. 
(N) =N' 	 142 
CLmu(S) 	 4435 
CL „(N)=CL_ (N)+CL(S) 	 4577 
'For simplicity we assume N&=O and N=O. 
Figure 2.3 shows the critical load function for Afon Hafren (compare Fig.1), and it 
can be clearly seen that the deposition in 2050 (S~=1808, NAP =1060 eq/ha/a) lies 
well within the non-exceedance region. 
S 
5000 
4000 
3000 
2000 
00 	1000 	2000 	3000 	4000 
Figure 2.3 Critical load function for the Afon Hafren catchment (in eq/ha/a). The grey area indicates deposition 
combinations not causing exceedance. The dot P' shows the 2050 S- and N-deposition, whereas the other dots denote 
various scenarios (discussed below). 
5000 de1, 
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Next we test the compatibility between critical load calculations and the 
dynamic model by running SMART with depositions lying on the critical load 
function. Figure 2.4 shows two such runs, corresponding to the S and N deposition 
indicated by the dots 'Cl' and 'C2' in Figure 2.3, i.e. increasing between 2050 and 
2100 the S or N deposition to the critical load levels. As expected, both deposition 
scenarios produce identical output, and the Al/Bc-ratio reaches almost one. This 
shows that the dynamic model and the steady-state calculations are consistent. 
Furthermore, under the critical load scenarios the pH drops to about 4.3, more 
than 3500 eq/ha/a of ANC are leached, and base saturation drops to 1.1%. 
1900 	2100 	2300 1900 	2100 	2300 1900 	2100 	2300 
Figure 2.4 SMART model simulation (1900-2300) for two S and N deposition scenarios corresponding to critical loads for 
Afon Hafren (dots Cl' ' and 'C2' in Fig.2.3). 
Depositions at critical load keep the Al/Bc-ratio at one (by definition!), however, 
the AVBc-ratio is not the only criterium to define a critical load. In other applications, 
e.g. the definition of critical values for surface waters, an ANC-leaching of zero is 
sometimes quoted as a safe value. To reach this value we need, e.g., deposition 
reductions of N to N and S to the net input of base cations (877 eq/ha/a; see Tab.2.2 
and dot 'A' in Fig.2.3). The resulting model output is shown in Figure 2.5. As can 
be seen, this drastic (and for the location probably unrealistic) deposition reduction 
reduces indeed the ANC leaching to zero in the long run. Also the Al/Bc-ratio 
approaches zero and the base saturation is restored to historic levels, however, in 
the course of hundreds of years only, the speed being determined by the cation 
exchange capacity and the (poorly known) exchange constants. 
While critical loads corresponding to a molar Al/Bc-ratio of one lead to a large 
ANC leaching and an almost complete depletion of base cations from the soil pool, 
it might be interesting to compute critical loads by demanding that the base 
saturation stays at a "safe" level (e.g. at 5%). Figure 2.6 shows a SMART model run 
with a 40% reduction in both S and N deposition (see dot 'B' in Fig.2.3) resulting a 
long-term base saturation of 5%. Under this scenario the soil solution pH reaches 
4.6 and the ANC leaching is also drastically reduced within about 50 years. 
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Figure 2.5 SMART model simulation (1900-2300) for a S and N deposition scenario (dot A' in Fig.2.3) resulting in zero 
ANC leaching (Note, that any other deposition combination lying on the line trough Å' produces the same result). 
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Figure 2.6 SMART model simulation (1900-2300) for a S and N deposition scenario (dot 'B' in Fig.2.3) resulting in a long-
term base saturation of S% (Note, that any other deposition combination lying on the line through 'B' produces the same 
result). 
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While it is easy to define critical loads with the steady-state approach using 
ANC-leaching (or Al concentration or pH) as a critical value, it requires a dynamic 
model to determine critical loads for a prescribed base saturation since cation 
exchange is not included in steady-state calculations. 
2.6 Concluding remarks 
In this paper we first summarized the basic equations (charge and mass balances 
of the major ions) entering the steady-state critical load calculations and constituting 
also the basis for dynamic soil models. Using the IM-catchment Afon Hafren as an 
example, we then showed that steady-state and dynamic computations are 
consistent, i.e. using critical loads of S and N as input to the dynamic model results 
in the same limiting value (here A]/Bc=1). Furthermore, we investigated alternative 
critical load formulations, one based on a zero ANC-leaching, which turned out to 
be very stringent, and another defining a base saturation of 5% as a critical value. 
In the latter case, critical loads of S and N cannot be calculated by steady-state 
models, but dynamic models - which take into account cation exchange - have to 
be used to derive critical loads. The results from the Afon Hafren catchment show 
that critical loads differ widely, depending on the critical limit value chosen. More 
work is needed to (a) relate critical chemical values to actual ecosystem effects, 
and (b) use a representative set of plots/catchments - and include other models - 
to determine the sensitivity of critical loads to the chosen limiting values. And it is 
the hope of the authors that the Integrated Monitoring Programme can provide a 
contribution to this exercise. 
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Trend assessment of bulk and 
throughfall deposition and 
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IM sites 
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3.1 Introduction 
Empirical evidence on the development of environmental effects is obviously of 
central importance for the assessment of success of international emission reduction 
policy. In this section first results from a trend analysis of ICP IM data on bulk and 
throughfall deposition as well as runoff water chemistry are presented. It is planned 
to continue and extend this type of data assessment also in the future. This will 
require a continuous effort to improve the data gathering and reporting procedures 
in the IM framework. ICP IM data on water chemistry has been used also for a 
trend analysis carried out by the ICP Waters and presented in the 9-years report of 
that programme (Lukewille et al 1997). 
3.2 Materials and methods 
3.2.1 Data 
Monthly data of bulk deposition fluxes (subprogramme DC), throughfall deposition 
fluxes (TF) and runoff water chemistry (RW) from the ICP IM database were used 
in a trend assessment for the individual ICP IM sites. Time series for at least five 
years in the 1990s were a mandatory criteria for sites chosen for statistical analyses. 
The trend assessment was performed mainly for the period 1988/89 -1994/95; At 
most of these ICP IM sites the regular monitoring of subprogrammes was started 
in the end of 1980s. Runoff water fluxes or flow-adjusted concentrations were not 
used due to lack of sufficient hydrological recharge measurements at many of the 
ICP IM sites. Therefore, in order to maintain comparability among all the sites, 
only constituent concentrations were used. 
The following parameters were included to the trend assessment: 
DC and TF (flux as meq m-2 mo-1): SO4*, (Ca+Mg)*, H+, NO3  N and NH4-N. 
RW (concentration as µeq 1-1): SO4*, (Ca+Mg)*, H+, NO3  N and alkalinity. 
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For all the subprogrammes non-marine concentrations of SO4* and (Ca+Mg)* 
were used as denoted with an asterisk. In the case of measured alkalinity, only a 
few data were available for trend analyses (alkalinity was not equal to 0). 
In order to exclude the effect of leaching and excretion of Cat, Mg2+  and Cl-
by the canopy, the actual level of atmospheric deposition of these ions measured 
from the throughfall data were estimated by the canopy budget model developed 
by Ulrich (1983). In the model, Na + has been used as a tracer based on the 
assumption of insignificant canopy exchange of Na + in throughfall. Furthermore, 
a fixed relationship between wet and dry particles was assumed, and particles 
containing Cat, Mg z+  and Cl- are assumed to have the same mass median diameter 
as Na + containing particles. Dry deposition of Cat, Mg2+ and Cl- can subsequently 
be calculated according to: 
DD=DDF : DC 
where DD and DC represents dry deposition flux and bulk deposition, respectively. 
The dry deposition factor (DDF) equals: 
DDF = (TFNa-DCNa)/DCNa 
Canopy leaching (CL) of these ions is calculated according to: 
CL=TF-DC-DD. 
Canopy leaching calculated for chloride is regarded as deposition of HCL 
(gas) since Cl- leakage can be considered negligible (e.g. Hultberg and Ferm 1995). 
Finally, the actual deposition of Cat, Mg2+and Cl- via throughfall were obtained 
by subtracting canopy leaching (CL) from the throughfall. In this study, stemflow 
fluxes were excluded from the calculations due to insufficient data; At most IM 
sites stemflow was not measured or sampling has been irregular. Stemflow 
generally contributes only a small portion of the total deposition flux to the forest 
floor (Ivens 1990). 
3.2.2 Statistics 
The nonparametric seasonal Kendall tau (SKT) test (Hirsch et al.1982) was used to 
detect trends in the monthly data of DC, TF and RW. In Finnish sites FI01-FI05 
round-the-year monitoring of throughfall was not established until 1995. At the 
catchments FI03-FI05, yearly TF data span only the months June to September, 
and to these data Kendall's tau test (e.g. Conover 1980) was applied. In this paper, 
trend detection at the 0.05 significance level was applied, i.e. providing at least 95 
% confidence that the detected trend was significantly different from a zero trend. 
SKT is a robust test detecting trends in data with seasonality, non-normality, 
and data with censoring and missing values which are common in data of this 
type. SKT detects only monotonic trend which was used as a default trend type. It 
was evident, however, that in sites where monitoring was started in the early 1980s, 
the deposition records exhibit curvilinear rather than monotonic trend. Especially 
for sulphate and hydrogen ion fluxes the slope of curves appeared to change 
between the late 1980s and early 1990s. Therefore for sites with longer record length 
the tests were performed separately on data from 1980s and 1990s. Similarly trends 
between decades can be compared. 
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SKT (Hirsch et al 1982) is not robust against serial dependence (persistence), 
which can be also common for data with frequent interval, like data treated on 
monthly basis. When serial dependence exists, SKT ( Hirsch et al 1982) is not robust 
to distinguish between trend and serial correlation. Mandatory minimum record 
length to apply SKT with serial correlation correction (Hirsch and Slack 1984) is 
120 observation (10 years of 12 months each) and this test has a very low power 
when sample size is small (e.g. 5 years of monthly data) (Hirsch and Slack 1984, 
Loftis and Taylor 1989). For this reason, in spite of possibility of detecting fictitious 
trend, SKT (Hirsch et al 1982) was used. 
3.3 Results and discussion 
3.3.1 Bulk deposition 
Bulk deposition in certain Swedish IM sites in 1983-1990 did not exhibit any 
decreases for SO4* and H+ deposition, but the period 1988-1994 was characterized 
by declines in sulphate and hydrogen ion. A general downward trend of non-
marine sulphate deposition and rainwater acidity (hydrogen ion flux) during the 
1988-1995 was a common feature in most ICP IM sites in Nordic countries (Finland, 
Sweden and Norway) (Table 3.3, Figure 3.1). Downward trends of non-marine 
sulphate and hydrogen ion concentrations in precipitation can be found for sites 
SE01, 5E09 and 5E13 (not shown), where fading of deposition trends were obviously 
attributable to the precipitation pattern. Sulphate and nitrogen deposition in 
Finland, Norway and Sweden have a mainly long-range transboundary origin, 
which is reflected in clear gradients in deposition of S and N, decreasing from 
south towards north (Table 3.2). Consequently, these observed reductions in SO4* 
deposition are in good agreement with reduction of SO2 emissions on the European 
continent and in the UK (Table 3.1). For example in 1994, the estimated national 
contribution of sulphur dioxide emissions to sulphur deposition in Finland, Norway 
and Sweden was 13 %, 3 % and 7 %, respectively (Barrett and Berge 1996). 
Decreasing sulphate trends in bulk deposition were also detected in Belarus 
(BY02), Russia (RU15) and in the Netherlands (NLO1) (wet deposition). The 
emissions of SO2 in Russia (the part inside the EMEP domain of calculation), 
Ukraine, Belarus and Baltic countries have declined 43 % between 1988-1994 (Table 
3.1). The decreasing sulphate trend with declined rainwater acidity (hydrogen ion 
flux) at the Canadian IM site (CA01) located in Algoma region in central Ontario is 
probably due to decreases in emissions of SOZ reported for the eastern U.S. (Butler 
and Likens 1991) and eastern Canada (AQA 1994). 
Continuing reduction of sulphur dioxide emissions in Europe through the 
1990s has not resulted in a consistent decline of bulk deposition of sulphate at IM 
sites in UK and in sites in Germany (DE01), Switzerland (CHO1), Czech Republic 
(CZO1) and Hungary (CHO1) (Figure 3.1, Table 3.3). However, for CHO1 a decreasing 
trend for SO4* concentrations in precipitation was observed. Downward trends 
in concentrations and deposition of hydrogen ion were not detected at these sites. 
Emissions of SO2 in UK between 1988-1994 have been reduced approximately 29 
% (Table 3.1) and a total deposition of oxidised sulphur as inferred from modelled 
budgets overall in UK suggests 22 % decline between 1988-1994 (Barrett and Berge 
1996). The SO2 concentrations in air at rural monitoring stations exhibit also 
reductions up to 1993 (Downing et al 1995). The national contribution of SO2 
emissions to sulphur deposition in UK is relatively high, e.g. in 1994 approximately 
79 % (Barrett and Berge 1996). However, as detected for the IM sites GBO1 and 
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GB02, sulphur deposition measured at Eskdalemuir in southern Scotland shows a 
largely unchanged deposition pattern. Both wet and dry deposition exhibit a stable 
period between 1988-1993 (Downing et al 1995). 
Table 3.1 Emissions of sulphur (SO) and oxidized (NO) and reduced (NH3) nitrogen (1000 tonnes per annum) in 1988-1994 calculated for different regions in 
Europe (northern region=Finland, Norway and Sweden, central and southern region=Austria, Belgium, Bosnia and Herzegovina, Bulgaria, The Republic of 
Croatia, Czech Republic, Denmark, France, Germany GDR and FRG, Hungary, Italy, Netherlands, Poland, Romania, The Slovak Republic, The Republic of Slovenia, 
Switzerland and The Federal Republic of Yugoslavia, eastern region = Russian Federation (Europe), Llkraine, Belarus, Estonia, Latvia and Lithuania). Emission data 
from EMEP/MSC-W (Mylona 1996). 
northern region 	 LIK 	eastern region 	central and southern 	total European emissions 
(1000 tonnes) (1000 tonnes) 	(1000 tonnes) 	region (1000 tonnes) 	(1000 tonnes) 
Year 	SOz NO2 NH3 	SOz NO2 NH3 SOz NO2 NH3 S01 NO2 NH3 SOz NO2 NH3 
1988 593 954 144 3824 2644 320 9478 4033 2371 24991 12517 4433 44946 22922 8844 
1989 463 951 142 3724 2729 320 9082 4204 2360 23183 14056 4419 42634 24844 8817 
1990 450 941 141 3752 2702 320 8564 4380 2293 20673 12291 4210 39971 23428 8540 
1991 351 922 141 3563 2603 320 8224 4151 2263 18262 11901 3975 36903 22762 8276 
1992 281 904 141 3496 2514 320 7238 3642 2186 15408 11227 3682 32936 21511 7904 
1993 260 907 139 3184 2339 320 6565 3466 2005 14876 10882 3706 31219 20786 7738 
1994 249 900 140 2718 2219 320 5557 3060 1874 14387 10739 3584 39214 20111 7486 
% - change 	-58 	-6 	-3 	-29 	-16 	0 	-43 	-24 	-21 	-42 	-14 	-19 	-35 	-12 	-15 
1988-1994 
At other IM sites in central and eastern Europe, a largely unchanged pattern 
for SO4 * in bulk deposition as well as for SO4* concentrations in precipitation was 
detected. It is highly probable that certain subregions have not been subjected to 
actual decrease in sulphur emission/deposition that would account for Europe-
wide reductions of SO2 emissions and decrease of SO2 concentrations in air as well 
as for sulphate in air and precipitation (Barrett and Sandnes 1996). It should be 
recognized, that the periods with available bulk deposition data are shorter and in 
most cases span a different period. Therefore, these records are not completely 
comparable with sites including years 1988-1995. It cannot be ruled out that a 
trend exists between 1988-1995, particularly since budget models suggest almost 
consistent decline of sulphur deposition between 1988-1994 (Barrett and Berge 
1996). 
Decreasing long-term temporal trends in concentrations and deposition of 
base cations, especially in calcium, have been evident in regions of Europe and 
North America (Hedin et al 1994). In this study, a short term (1988-1995) pattern 
for (Ca+Mg)* deposition shows no decreases on a regional basis. The stable 
development of (Ca+Mg)* at sites with declining SO4 * deposition has apparently 
resulted in decreases in H+ deposition and rainwater acidity. This is also evident 
for sites in Norway (NO01), Sweden (SE04), Finland (FI01) and Canada (CA01), 
where decreases in SO4 * deposition have clearly exceeded decreases in (Ca+Mg)* 
deposition. Increasing trend of (Ca+Mg)* without decline of H+ deposition was 
detected for GBO1, GB02, NLO1, 5E13 and FI05. An important factor that could 
have influenced the unchanged H+ pattern is that sulphate and nitrate deposition 
at these sites (with the exception of NLO1) has not declined. 
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Table 3.2 Median values of different parameters for DC and TF fluxes ( meq m-' mo'') and RW concentrations (peq I- ' ) in 1988-1995.') =wet deposition, 2) = Pinus 
sylvatica, 3) =Betula pubescens spp. tortuosa,') =Picea abies, s) =Fagus sylvatica. Throughfall data for sites FI01 and F103-F105 includes only the months V-X and 
VI-IX, respectively. 
504* 	 (Ca+Mg)* 	 H 	 NO 	 NH4+ 
DC TF RW DC TF RW DC TF RW DC TF RW 	DC TF RW 
Nordic 
countries 
FI01 1.96 4.24 155.9 0.37 0.90 188.3 1.83 1.32 25.12 1.30 0.56 2.07 0.86 0.47 4.57 
F103 1.56 1.89 38.3 0.23 0.52 88.9 1.66 1.49 0.47 0.92 0.39 0.71 0.57 0.42 0.79 
F104 0.89 1.54 54.1 0.09 0.29 501.0 1.02 0.92 0.05 0.44 0.21 0.93 0.20 0.26 0.29 
FIOS 0.34 1.20 38.8 0.07 0.752) 194.4 0.45 0.732) 0.10 0.20 0.132) 1.43 0.05 0.161 ) 0.21 
0.94')  0.261) 0.481) 0.151 ) 0.15' 
N001 4.78 5.81 95.1 0.43 0.64 46.9 4.6 3.92 25.12 4.37 2.22 10.00 3.48 1.45 
N002 0.68 0.66 10.4 0.27 0.26 29.0 0.86 0.84 0.63 0.50 0.37 1.43 0.59 0.35 
S EO I 2.46 132.1 0.30 81.9 1.94 61.68 1.62 1.82 1.54 1.21 
SE02 4.59 136.9 0.31 105.5 3.94 35.52 3.72 6.53 3.49 0.82 
SE03 0.77 29.4 0.11 154.0 0.71 0.16 0.45 1.93 0.29 0.29 
SE04 4.33 6.72 203.3 0.62 1.95 78.8 3.54 3.33 74.13 3.14 3.99 0.71 3.04 1.92 1.36 
SEOS 54.1 258.9 0.07 3.32 0.21 
SE06 111.5 185.4 5.82 1.36 0.57 
SE08 0.74 23.6 0.11 199.0 0.98 0.24 0.51 0.86 0.22 0.50 
SE09 1.46 35.2 0.24 215.4 1.36 0.58 0.86 1.36 0.71 2.36 
SEIO 1.97 58.2 0.20 41.6 1.71 26.92 1.29 0.71 1.13 0.43 
S E l l 90.6 50.8 53.09 1.93 0.71 
SEI2 4.04 143.0 0.27 61.8 3.51 36.31 3.27 11.00 3.05 3.86 
SEI3 4.63 300.8 0.61 432.5 3.56 1.04 3.22 69.25 3.32 0.54 
Europe 
BY02 	3.39 1.12 0.18 1.94 3.91 
CHO1 	3.26 167.2 1.47 2060.2 2.38 3.34 12.85 3.76 	0.71 
CZO1 	2.92' 	11.70 823.7 0.77' 2.45 	992.6 1.76' 3.87 	0.09 1.851)  3.71 	111.37 1.97' 	2.90 	6.43 
DEOI 	3.64 	6.09^) 81.1 1.74 2.16 ) 	191.6 2.63 3.684) 	0.50 3.36 3.314) 	42.12 3.51 	2.10") 	5.00 
4.14s) 1.851)  1.965 ) 3.151)  2.30 
HUOI 	1.55 3.59 0.25 1.46 1.83 
NLOI 	4.2l')  0.44'1 0.44') 2.90')  5.53')  
RUIS 	3.95 5.64 2.08 0.93 0.93 
United Kingdom 
GBOI 	0.97 32.3 0.35 46.3 0.32 0.59 1.43 0.43 
GB02 	3.95 57.1 0.79 60.7 2.02 5.62 2.50 17.13 3.35 
Midwestern 
North America 
CAOI 	4.13 	104.2 	1.41 	149.6 	3.23 	0.89 	3.12 	7.85 	2.75 	2.86 
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Trends in ammonium deposition (NH4 ) during 1988-1995 exhibit a similar 
geographical pattern as observed for sulphate. Downward trends were detected 
in a majority of sites in Nordic countries and also in Russia and Belarus. Decreasing 
trend in ammonium were also found for Switzerland (CHO1). Nitrate (NO3) 
deposition in 1988-1995 exhibited a smaller decrease. Decreasing trends were 
detected throughout Sweden, in southern and central Finland and in Russia. Using 
1988 as a base year, emissions of ammonia and nitrogen oxides (NO)  in Europe 
exhibit approximately 15 % and 12 % reduction between 1988 and 1994, respectively 
(Table 3.1). The field of influence is typically more restricted for emissions of 
ammonia and deposition of ammonium than for nitrogen oxides and nitrate, and 
at a European scale ammonium deposition appears to be more depleted in regions 
away from the largest emitting areas. For emissions of ammonia and nitrogen 
oxides in Europe the year 1990 can be considered as a turning point (i.e. when 
emissions started to decrease after the almost constant emissions in NH3 and 
increased emissions in NO through the 1980s) (Mylona 1996), and to a some extent 
this seems to have contributed to decreases in the N (NO3 +NH4 +) deposition in 
Nordic countries (Figure 3.1, Table 3.3). The deposition of N (NO3 +NH4+) has 
remained twice as high as sulphate deposition throughout the period at these 
sites (Figure 3.1). 
3.3.2 Through fall 
Throughfall deposition of non-marine sulphate and hydrogen ion in 1990s have 
generally decreased at IM sites in Nordic countries. This trend was found also for 
Finnish IM site FI05 (no changes in bulk deposition) located in northernmost 
Finland, where sulphur deposition - based on estimated regional deposition 
patterns - is to a varying extent associated with the emissions of Cu-Ni smelters in 
Kola Peninsula (600 000 tonnes SO2 in 1990) (Tuovinen and Laurila 1992, Tuovinen 
et al 1993). The sulphur emissions in Russian Kola have almost continously been 
reduced since early 1980s with approximately 37 % decrease between 1988-1994 
(see Henriksen et al 1997). The dry deposition rate estimated regionally for the 
Vuoskojärvi (FI05) area accounts for up to 70 % of the total sulphur content 
(Tuovinen et a11993). The prevailing winds carry most pollutants from the smelters 
to the northeast and east, and thus it is highly probable that a decline of sulphate, 
detected only in forested coniferous (pine) stand with higher filtering ability 
compared to a shrub-like mountain birch (deciduous) stand, is attributable to 
reduced SO2 emissions on Kola. 
In other parts of Europe long-term throughfall data were available only for 
the sites DE01 and CZ01. In DE01 neither SO4* nor H+ in throughfall deposition in 
1990s exhibited any decreasing trends, but in CZ01 decreasing trend of SO4* was 
detected. Anenske Povodi catchment (CZ01) is located close to large emission 
sources, in the near-field where dry deposition dominates (Table 3.2). It seems 
obvious, that observed decline in sulphate is attributable to emission reductions. 
Throughfall deposition of nitrate in CZ01 and SE04 has been larger than the 
deposition in open field areas or appeared to be in equal amounts in DE01 (Table 
3.2, Forsius et al 1996). In areas with a heavy load of N, and with a greater dry 
deposition of N, relatively smaller portions are adsorbed to the canopy and large 
quantities are deposited to the ground (Hallgren Larsson et al 1995). A significant 
downward trend both in NO3 and NH4 + was detected at CZ01 and 5E04, which 
may indicate a decline in dry deposition of N in these areas. 
No large changes in (Ca+Mg)* were detected consistent with the fairly 
constant pattern observed for bulk deposition. 
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3.3.3 Runoff water chemistry 
As a consequense of reduced sulphur deposition, the SO4* and hydrogen ion 
(H+) concentrations in runoff water have declined in most IM sites in Nordic 
countries in 1988-1995. Most of the decreases of (Ca+Mg)* were related to the 
sites where sulphate had decreased. This pattern was also detected at the Canadian 
IM site. Despite reduced sulphate deposition, no decrease in SO4* concentrations 
was observed for Birkenes (NO01) exhibiting both downward trend in (Ca+Mg)* 
concentrations and increasing trend in H+ concentrations during 1988-1994 (-2.08 
µeq 1-1yr' and +2.05.ieq 1-1yr-1, respectively) (Figure 3.2, Table 3.3). Correspondingly, 
consistent decline of SO4* and H+ concentrations has not taken place at Swedish 
IM site SE02. Both catchments are exposed to high sulphur depositionand adsorbed 
sulphate and acid cations from soil may have been released to drainage water 
delaying the response of declined S deposition. The Birkenes catchment has been 
strongly influenced by severe sea-salt episodes in 1989-1993 (Skjelkvåle 1996), which 
also has counteracted the positive effect of declining S deposition. Trend assessment 
for the site performed by a quarterly data set in 1990-1995 shows, that some recovery 
has taken place (Lukewille et al 1997). Alkalinity exhibited an increasing trend and 
a negative slope for H+ and a positive slope for base cations (not significant) was 
detected. At the Finnish site FI01 the runoff water is very rich in humic material 
(average TOC: 18 mg 1-1 in 1995) and the increasing trend of hydrogen ion is 
mainly attributable to hydrologically induced organic acidity. 
In Anenske Povodi (CZ01, forest tributary) and Forellenbach (DE01), the SO4 * 
concentrations have still increased during the 1990s (Table 3.3). Sulphate 
concentrations in runoff water at CZ01 are extremely high (median 504* 824 µeq 
1-' in 1990-1995). The catchment is characterized by high buffering capacity (median 
alkalinity 430 .ieq 1-1 in 1990-1995) and the increase of sulphate is highly 
compensated with increase of calsium and magnesium. However, it seems evident 
that the increase of sulphate has resulted in a decline of alkalinity. According to 
the input-output budgets for Anenske Povodi catchment (forest tributary), 
approximately 70 % of the sulphate was retained at the catchment (Forsius and 
Kleemola 1995). This could have resulted in a high net storage of sulphate in soil 
and factors other than the deposition pattern, e.g. hydrological variations, are 
possibly regulating the leaching of sulphate to drainage water. In DEO1, a decrease 
of (Ca+Mg)* with increase in SO4* concentrations was found, and a slight decline 
in alkalinity (not significant) could also be observed (not shown). However, runoff 
water in DE01 is well buffered (median alkalinity 180 µeq 1-' in 1991-1995). 
Results from ICP Waters stream sites in Germany show, that there was mostly 
no significant changes in SO4* concentrations during 1990s, although slopes of 
most curves were negative (Lukewille et al 1997). This suggests, that a large variation 
in sulphate can exist within the country in the deposition/runoff water chemistry 
pattern. Largely unchanged SO4* record was found for GB02 exhibiting also a 
decline in (Ca+Mg)* concentrations and alkalinity in runoff water. Decreasing 
trends of SOq* and (Ca+Mg)* were found for GBO1. Results of ICP Waters sites 
from UK show regionally a similar variation of records, and a stable development 
in sulphate as being the main pattern (Lukewille et al 1997). In general, there are 
too few data on alkalinity to illustrate any regional pattern of proceeding 
acidification or recovery for ICP IM sites. 
There seems to be some evidence of a regional decline of NO3 /NH4+ deposition 
in Nordic countries in 1988-1995. In most sites nitrate concentrations in runoff 
water have decreased correspondingly, which may be due to the deposition pattern. 
At sites in other parts of Europe (and in CAO1) there has not been significant 
decreases in nitrogen deposition (except CHO1 in NH4 ). However, a decrease in 
nitrate concentrations in runoff water can be detected for CHO1, DEO1 and GB02. 
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Figure 3. I. Monthly bulk deposition of non-marine sulphate (black squares) and total N (NO3 +NH4+) (white squares) 
for the years 1988- 1995 in a) Birkenes (NOO I), b) Svartedalen (SE 12), c) Afon Hafren (GB02) and d) Forellenbach 
(DEO I). 
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Figure 3.2. Monthly concentrations of non-marine sulphate (black squares) and nitrate (white squares) in runoff water for 
the years 1988-1995 in a) Birkenes (N001), b) Svartedalen (SE I2), c) Afon Hafren (GB02) and d) Forellenbach (DE01). 
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Results from ICP Waters sites show similar evidences of a regional NO3 decline in 
Europe in 1990s (except UK, where NO3 is increasing). It seems likely, that some 
other prosesses within the ecosystems more than nitrogen deposition pattern, like 
climate induced changes, are responsible for the decreasing trends in the 1990s 
(Lukewille et al 1997). 
Increasing NO3 concentrations were detected for Swedish IM sites 5E02, 5E05 
and 5E09. The forest stands in these catchments are old (> 100 yr) and deposition 
of N in 5E02 and 5E09 exhibited unchanged pattern during 1988-1994 (Table 3.3). 
Accelerated nitrate leaching is evident at 5E02, where signs of developing nitrogen 
saturation have been observed (Bringmark and Kvärnas 1995). A highly significant 
increasing trend (p < 0.001) of NO3 can be observed also for 5E09. Deposition of N 
in 5E05 and 5E09 has been < 5 kg N ha-'a-' (Forsius et al 1996), which is clearly 
below the critical deposition threshold (ca. 9-10 kg N ha-1a-1) of potential risk for N 
leaching within many forests (e.g. Dise and Wright 1995). Although even low N 
deposition sites may eventually become saturated unless N is not periodically 
removed from the system via harvesting, fires, etc. (Dise and Wright 1995), the 
study period 1988-1994 may be too short to reveal consistent pattern for imbalancies 
of the N-cycle. However, these results suggest that nitrogen needs attention in the 
future development of the IM programme. 
3.3.4 Conclusions 
- Observed decreasing trends of sulphate deposition (wet+dry) in Nordic 
Countries in 1988-1995 are in good agreement with reduction of SO2 emissions on 
the European continent. Correspondingly, the SO4* concentrations and acidity 
(H+) in runoff water have generally decreased. At certain sites exposed to high 
sulphur load, the adsorbed sulphate from soil is likely to be still released to drainage 
water delaying the response of declined S deposition. As a consequence of reduced 
S°2 emissions in eastern U.S. and eastern Canada, the SO4* concentrations and 
acidity (H+) in runoff water have also decreased in the Canadian IM site. 
- Reduction of sulphur dioxide emissions in Europe has not resulted in a 
consistent decline of sulphate deposition at IM sites in UK and in central and 
eastern Europe. Thus, it seems evident, that in certain subregions there has not 
been actual decrease in sulphur emission/deposition. The SO4* concentrations in 
runoff water have not decreased and may even exhibit increasing trends during 
1990s at some sites. Signs of increasing acidity in certain IM catchments are likely 
to be attributable to the observed SO4* pattern. 
- Decreasing long-term temporal trends in the concentration of base cations 
in precipitation, especially for calsium, have been evident in Europe. In this study, 
however, the short term (1988-1995) pattern for (Ca+Mg)* deposition does not 
show a decrease on a regional basis. The stable development of (Ca+Mg)* in sites 
with declining SOa* deposition has resulted in decreases in H+ deposition. 
-There seems to be some evidence of a regional decline of NO3 /NH4  
deposition in Nordic countries in 1990s. In most cases observed decreases in nitrate 
concentrations in runoff water may be due to the nitrogen deposition pattern. 
- At sites in other parts of Europe and in Algoma region of central Ontario, 
there have not been decreases in nitrogen deposition in 1990s. However, a decrease 
of nitrate concentrations in runoff water can be detected for these areas. This is 
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evident for sites with high deposition of N exhibiting higher amounts of nitrate in 
drainage water. It is obvious, that some prosesses within ecosystems have 
influenced the observed development more than the nitrogen deposition pattern. 
- Increasing NO3- concentrations were detected for certain catchments in 
Sweden indicating possible signs of developing nitrogen saturation. The study 
period 1988-1995 may be too short to reveal consistent patterns for accelerated N 
leaching. Further research is needed to interpret this development. 
- The results obtained with the ICP IM data are mostly consistent with those 
of the ICP Waters. 
-A continuous effort is needed to improve the collection and reporting of 
data in the ICP IM framework. There exists a great potential to improve and extend 
the trend analysis presented in this study. 
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Table 3.1 Summary of significant (p < 0.05) monotonic trends for 1980s and 1990s detected by SK test in bulk deposition (DC), throughfall deposition (TF) and in 
chemistry of runoff water (RW). Significance levels (* = p<0.05, ** = p < 0.01, *** = p < 0.001) and slopes only for statistically significant trends are 
shown. Trend direction (+ or -) and a rate of change are expressed in slope value (DC and TF as meq m-' yr' and RW as µq I' yr').'> = wet deposition,') = months 
V - X, = months VI - IX, °> = Kendall test, (n.s.t.) = no significant monotonic trend detected, (n.d.) = no data or insufficient data. For SO4* and (Ca+ Mg)* 
non-marine concentrations were used denoted with an asterisk. 
DC 	 TF 	 RW 	site 
parameter 	period 	slope 	period 	tree spec. 	 slope 	plot 	period 	slope 
Nordic countries 
F101 5Q* 88-95 -0.30*** 89-95 2) PICE ABI -0.34* 001 88-95 -2.29* 
(Ca+Mg)* 88-95 -0.05* 89-95 PICE ABI n.s.t. 001 88-95 n.s.t. 
H+ 88-95 -0.13** 89-95 PICE ABI -0.14* 001 88-95 +3.07** 
NO3 -N 88-95 -0.12*** 89-95 1) PICE ABI n.s.t. 0(1I 88-95 -0.21** 
NH 4 -N 88-95 -0.16*** 89-95'> PICE ABI +0.02* 
ANC 001 88-95 n.d. 
F103 504 88-95 -0.22** 90-95'> PINU SYL 0.69*** 4) 001 89-95 2.69*** 
(Ca+Mg)* 88-95 n.s.t. 90-95 PINU SYL n.s.t. 4) 001 89-95 n.s.t. 
H+ 88-95 -0.08* 90-95'> PINU SYL -0.24* 4) 001 89-95 n.s.t. 
N0; -N 88-95 -0.07* 90-95'> PINU SYL -0.07* 4) 0(11 89-95 -0.11*** 
NH 4 -N 88-95 -0.10** 90-95'> PI NU SYL n.s.t. 4) 
ANC 001 89-95 +I.55** 
F104 5Q* 89-95 -0.09** 90-95 3) PICE ABI n.s.t. "> 007 90-95 _2.98*** 
(Ca+ Mg)* 89-95 n.s.t. 90-95'> PICE ABI n.s.t. 4) 007 90-95 n.s.t. 
H+ 89-95 -0.06* 90-95'> PICE ABI -0.27* 4) 007 90-95 n.s.t. 
NO3 -N 89-95 n.s.t. 90-95 PICE ABI n.s.t. 4) 007 90-95 -0.09** 
NH 4 -N 89-95 -0.03* 90-95 PICE ABI n.s.t. 4) 
ANC 007 90-95 n.s.t. 
F105 50 4* 88-95 n.s.t. 90-95'> PINU SYL -0.35* 4) 007 89-95 n.s.t. 
90-95'> BE PU.TO n.s.t. 4) 
(Ca+Mg)* 88-95 +0.01* 90-95'> PINU SYL -0.42* 4) 007 89-95 n.s.t. 
90-95 3) BE PU.TO n.s.t. 4) 
H+ 88-95 n.s.t. 90-95'> PINU SYL _0.15* 4) 007 89-95 n.s.t. 
90-95 3) BE PI.I.TO -0.I2* 4) 
NO3 -N 88-95 n.s.t. 90-95 1) PINU SYL n.s.t. 4 007 89-95 n.s.t. 
90-95 1) BE PU.TO n.s.t. 4) 
NH 4 -N 88-95 n.s.t. 90-95 1) PINU SYLn.s.t. ^> 
90-95'> BE PLI.TO n.s.t. 4) 
ANC 007 89-95 + 1.78* 
N001 50 4* 88-95 -0.46* 89-95 PICE ABI -0.86' 001 88-94 n.s.t. 
(Ca+Mg)* 88-95 _0.08** 89-95 PICE ABI n.s.t. 001 88-94 _2.08*** 
H+ 88-95 -0.62** 89-95 PICE ABI -I.05* 001 88-94 +2.05*** 
NO3 -N 88-95 n.s.t. 89-95 PICE ABI n.s.t. 001 88-94 -0.96** 
NH 4 -N 88-95 -0.41* 89-95 PICE ABI n.s.t. 
ANC 001 88-94 n.d. 
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Table 3.1 (Cont.) Summary of significant (p<0.05) monotonic trends for 1980s and 1990s detected by SK test in bulk deposition (DC), throughfall deposition (TF) 
and in chemistry of runoff water (RW). Significance levels (* = p<0.05, ** = p < 0.01, *** = p < 0.001) and slopes only for statistically significant 
trends are shown. Trend direction (+ or -) and a rate of change are expressed in slope value (DC and TF as meq m -2 yr' and RW as µq 1-' yr'). ') = wet 
deposition, t) = months V - X, = months VI - IX, ") = Kendall test, (n.s.t.) = no significant monotonic trend detected, (n.d.) = no data or insufficient data . 
For SO4* and (Ca+ Mg)* non-marine concentrations were used denoted with an asterisk. 
DC 	 TF 	 RW 
site 	 parameter 	period 	slope 	period 	tree spec. 	slope 	plot 	period 	slope 
Nordic countries 
N002 SO4* 88-95 n.s.t. 90-95 PINU SYL n.s.t. 001 88-94 n.s.t. 
(Ca+Mg)* 88-95 n.s.t. 90-95 PINU SYL n.s.t. 001 88-94 n.s.t. 
H+ 88-95 n.s.t. 90-95 PINU SYL -0.15** 001 88-94 n.s.t. 
NO3 -N 88-95 n.s.t. 90-95 PINU SYL n.s.t. 001 88-94 n.s.t. 
NH 4 -N 88-95 n.s.t. 90-95 PINU SYL -0.07* 
ANC 88-94 n.d. 
SEOI SO4* 89-94 n.s.t. n.d. 001 88-95 -2.51` 
(Ca+Mg)* 89-94 n.s.t. n.d. 001 88-95 -2.52*** 
H+ 89-94 n.s.t. n.d. 001 88-95 -2.40** 
NO3 -N 89-94 n.s.t. n.d. 001 88-95 n.s.t. 
NH 4 -N 89-94 n.s.t. n.d. 
ANC 01:11 88-95 n.d. 
SE02 S0,* 83-90 n.s.t. n.d. 001 84-90 n.s.t. 
88-94 -0.36* n.d. 001 88-95 n.s.t. 
(Ca+Mg)* 83-90 -O.II** n.d. 001 84-90 n,s.t. 
88-94 n.s.t. n.d. 001 88-95 n.s.t. 
H+ 83-90 n.s.t. n.d. 001 84-90 +0.78* 
88-94 -0.26* n.d. 001 88-95 n.s.t 
NO3 -N 83-90 n.s.t. n.d. 001 84-90 n.s.t. 
88-94 n.s.t. n.d. 001 88-95 +0.48*** 
NH4 -N 83-90 n.s.t. n.d. 
88-94 -0.27' n.d. 
ANC n.d. 
SE03 504* 84-90 n.s.t. n.d. 001 85-90 n.s.t. 
88-94 -0.13** n.d. 001 88-95 n.s.t. 
(Ca+Mg)* 84-90 n.s.t. n.d. 001 85-90 n.s.t. 
88-94 n.s.t. n.d. 001 88-95 n.s.t. 
H+ 84-90 n.s.t. n.d. 001 85-90 +0.02*** 
88-94 -0.12** n.d. 001 88-95 -0.02*** 
NO -N 84-90 n.s.t. n.d. 001 85-90 n.s.t. 
88-94 -0.05* n.d. 001 88-95 n.s.t. 
NH4 -N 84-90 n.s.t. n.d. 
88-94 -0.01* n.d. 
ANC 001 85-90 n.s.t. 
001 88-95 +1.59' 
5E04 50,* 88-95 -0.43** 88-95 PICE ABI -0.92*** 001 88-95 -5.85* 
(Ca+Mg)* 88-95 -0.05* 88-95 PICE ABI n.s.t 001 88-95 -5.58*** 
H+ 88-95 -0.64*** 88-95 PICE ABI -0.66** 001 88-95 -0.77'* 
NO3 -N 88-95 -0.21* 88-95 PICE ABI -0.34** 001 88-95 n.s.t. 
NH4 -N 88-95 n.s.t. 88-95 PICE ABI -0.23** 
ANC n.d. 
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Table 3.1 (Cont.) Summary of significant (p<0.05) monotomic trends for 1980s and I990s detected by SK testin bulk deposition (DC), throughfall depositiom (TF) 
and in chemistry of runoff water (RW). Signifi-tante levels (* = p <0.05, ** = p < 0.01, *** = p < 0.001) and slopes only for statistically significant 
trends are shown. Trend direction (+ or -) and a rate of change are expressed in slope value (DC and TF as meq m- t yr' and RW as µq 1- ' yr').') = wet 
deposition, = months V - X, = months VI - IX, 4) = Kendall test, (n.s.t.) = no significant monotonic trend detected, (n.d.) = no data or data insufficient. 
For SO4* and (Ca+ Mg)* non-marine concentrations were used denoted with an asterisk. 
DC 	 TF 	RW 
site 	 parameter 	period 	slope 	period 	tree spec. 	slope 	plot 	period 	slope 
Nordic countries 
5E05 50 4* 83-89 n.s.t. n.d. 516 85-90 -I.78** 
88- n.d. n.d. 516 88-95 n.s.t. 
(Ca+Mg)* 83-90 n.s.t. n.d. 516 85-90 -11.5*~' 
88- n.d. n.d. 516 88-95 +4.15' 
H+ 83-90 n.s.t. n.d. 516 85-90+0.01*** 
88- n.d. n.d. 516 88-95 n.s.t. 
N05 -N 83-90 n.s.t. n.d. 516 85-90 -0.62* 
88- n.d. n.d. 516 88-95 +0.03' 
NH4 -N 83-90 n.s.t. n.d. 
88- n.d. n.d. 
ANC 516 85-90 n.s.t. 
516 88-95 +4.04** 
SE06 504* n.d. n.d. 518 88-95 n.s.t. 
(Ca+Mg)* n.d. n.d. 518 88-95 n.s.t. 
H n.d. n.d. 518 88-95 -I.41** 
NO3 -N n.d. n.d. 518 88-95 _0.42*** 
NH4 -N n.d. n.d. 
ANC 518 88-95 n.d. 
SE08 504* 83-90 0.06* n.d. 513 85-90 n.s.t. 
88-94 -0.08** n.d. 513 88-95 -0.67*** 
(Ca+Mg)* 83-90 -0.03*** n.d. 513 85-90 n.s.t. 
88-94 n.s.t. n.d. 513 88-95 -8.41* 
H 83-90 n.s.t. n.d. 513 85-90 +0.02*** 
88-94 -0.05` n.d. 513 88-95 n.s.t. 
NO3 -N 83-90 n.s.t. n.d. 513 85-90 n.s.t. 
88-94 -0.02' n.d. 513 88-95 -0.17** 
NH4 -N 83-90 n.s.t. n.d. 
88-94 -0.04** n.d. 
ANC 513 85-90 n.s.t. 
513 88-95 n.s.t. 
SE09 504* 88-94 n.s.t. n.d. 519 88-95 -1.16`** 
(Ca+Mg)* 88-94 n.s.t. n.d. 519 88-95 -8.95* 
H+ 88-94 n.s.t. n.d. 519 88-95 -0.05** 
NO3 -N 88-94 n.s.t. n.d. 519 88-95 +0.22*** 
NH4 -N 88-94 n.s.t. n.d. 
ANC 519 88-95 n.s.t. 
SE10 50 4* 88-94 -0.33*** n.d. 509 88-95 -1.91*** 
(Ca+Mg)* 88-94 n.s.t. n.d. 509 88-95 -1.18** 
Hy 8894 -0.22** n.d. 509 88-95 -I.67* 
N0; -N 88-94 	: -0.II* n.d. 509 88-95 -0.05** 
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BY02 	SO4* 89-95 
(Ca+Mg)* 89-95 
H+ 89-95 
NO3 -N 89-95 
NH4 -N 89-95 
ANC 
-0.58*** 
	
n.d. 	 n.d. 
n.s.t. 	n.d. n.d. 
n.s.t. n.d. 	 n.d. 
n.s.t. 	n.d. n.d. 
-0.73** 
	
n.d. 	 n.d. 
n.d. 
Table 3.3 (Cont.) Summary of significant (p<0.05) monotonic trends for 1980s and 1990s detected by SK test in bulk deposition (DC), throughfall deposition (TF) 
and in chemistry of runoff water (RW). Significance levels (* = p<0.05, ** = p < 0.01, *** = p < 0.001) and slopes only for statistically significant 
trends are shown. Trend direction (+ or -) and a rate of change are expressed in slope value (DC and TF as meq m t yr' and RW as.tq 1-' yr'). ') = wet 
deposition, 2) = months V - X, 3) = months VI - IX, 4) = Kendall test, (n.s.t.) = no significant monotonic trend detected, (n.d.) = no data or insufficient data. 
For SO4* and (Ca+Mg)* non-marine concentrations were used denoted with an asterisk. 
DC 	 TF 	 RW 
site 	 parameter 	period 	slope 	 period 	tree spec. 	slope 	 plot 	period 	slope 
Nordic countries 
SE10 
NH4 -N 88-94 
ANC 
SE11 	SO4* 83-90 
88- 
(Ca+Mg)* 83-90 
88- 
H+ 83-90 
88- 
NO3 -N 83-90 
88- 
NH4 -N 83-90 
88- 
ANC 
SE12 	SO4* 83-90 
88-94 
(Ca+Mg)* 83-90 
88-94 
H+ 83-90 
88-94 
NO3 -N 83-90 
88-94 
NH4 -N 83-90 
88-94 
ANC 
SE13 	SO4* 89-94 
(Ca+Mg)* 89-94 
H+ 89-94 
NO3 -N 89-94 
NH4 -N 89-94 
ANC 
-0.18*** 	n.d. 
509 88-95 n.d. 
n.d. 51:11 84-90 n.s.t. 
n.d. 501 88-95 -3.39*** 
n.d. 501 84-90 n.s.t. 
n.d. 501 88-95 -0.0I* 
n.d. 501 84-90 n.s.t. 
n.d. 501 88-95 -I.99* 
n.d. 501 84-90 n.s.t. 
n.d. 501 88-95 n.s.t. 
n.d. 
n.d. 
n.d. 
n.d. 502 84-90 -2.75*** 
n.d. 502 88-95 -2.93*** 
n.d. 502 84-90 -2.55*** 
n.d. 502 88-95 -2.56*** 
n.d. 502 84-90 +I.13*** 
n.d. 502 88-95 -0.71*** 
n.d. 502 84-90 +0.37*'" 
n.d. 502 88-95 -0.43*** 
n.d. 
n.d. 
n.d. 
n.d. 522 89-95 n.s.t. 
n.d. 522 89-95 n.s.t. 
n.d. 522 89-95 -3.99* 
n.d. 522 89-95 n.s.t. 
n.d. 
522 89-95 n.s.t. 
n.s.t. 
n.d. 
-0.02** 
n.d. 
n.s.t. 
n.d. 
n.s.t. 
n.d. 
n.s.t. 
n.d. 
n.s.t. 
-0.37*** 
-0.09*** 
n.s.t. 
n.s.t. 
-0.20* 
n.s.t. 
-0.19* 
n.s.t. 
-0.37** 
n.s.t. 
+0.05* 
n.s.t. 
n.s.t. 
n.s.t. 
Europe 
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Table 3.3 (Cont.) Summary of significant (p<0.05) monotonic trends for 1980s and 1990s detected by SK test in bulk deposition (DC), throughfall deposition (TF) 
and in chemistry of runoff water (RW). Signifi-cance levels (* = p <0.05, ** = p < 0.01, *** = p < 0.001) and slopes only for statistically significant 
trends are shown. Trend direction (+ or -) and a rate of change are expressed in slope value (DC and TF as meq m -2 yr' and RW as µq 1- ' yr').') = wet 
deposition, 2) = months V - X, ') = months VI - IX, 4) = Kendall test, (n.s.t.) = no significant monotonic trend detected, (n.d.) = no data or insufficient data. 
For SO4* and (Ca+Mg)* non-marine concentrations were used denoted with an asterisk. 
DC 	 TF 	 RW 
site 	parameter 	period 	slope 	period 	tree spec. 	slope 	plot 	period 	slope 
Europe 
CH01 504* 89-94 n.s.t. n.d. 001 89-94 n.s.t. 
(Ca+Mg)* 89-94 n.s.t. n.d. 001 89-94 n.s.t. 
H 90-94 n.s.t. n.d. 001 89-94 n.d. 
NO3 -N 89-94 n.s.t. n.d. 001 89-94 -0.94* 
NH4 -N 89-94 -0.49** n.d. 
ANC 001 89-94 n.d. 
CZ0l SO4* 90-95 n.s.t.')  90-95 PICE ABI -1.31* 074 90-95 +33.9* 
(Ca+ Mg)*  90-95 n.s.t.')  90-95 PICE ABI n.s.t. 074 90-95 +36.9** 
H+ 90-95 n.s.t. 90-95 PICE ABI n.s.t. 074 90-95 n.s.t. 
NO3 -N 90-95 n.s.t.')  90-95 PICE ABI -0.27* 074 90-95 n.s.t. 
NH4 -N 90-95 n.s.t.' 90-95 PICE ABI -0.46* 
ANC 074 90-95 -16.0** 
DEOI 504* 91-95 n.s.t. 91-95 FAGU SYL n.s.t. 001 91-95 +1.08* 
91-95 PICE AB n.s.t. 
(Ca+Mg)* 91-95 n.s.t. 91-95 FAGU SYL +0.12 001 91-95 -6.49* 
91-95 PICE ABI n.s.t. 
H+ 91-95 n.s.t. 91-95 FAGU SYL n.s.t. 001 91-95 n.s.t. 
91-95 PICE ABI n.s.t. 
NO3 -N 91-95 n.s.t. 91-95 FAGU SYL n.s.t. 001 91-95 -I.78* 
91-95 PICE ABI n.s.t. 
NH4 -N 91-95 n.s.t. 91-95 FAGU SYL n.s.t. 
91-95 PICE ABI n.s.t. 
ANC 001 91-95 n.s.t. 
HUOI 504* 88-93 n.s.t n.d. n.d. 
(Ca+Mg)* 88-93 n.s.t. n.d. n.d. 
H+ 88-93 n.s.t. n.d. n.d. 
NO3 -N 88-93 n.s.t. n.d. n.d. 
NH4 -N 88-93 n.s.t. n.d. 
ANC n.d. 
NL01 SO4* 90-94 -0.24*')  n.d. n.d. 
(Ca+Mg)* 90-94 +0.07* I )  n.d. n.d. 
H 90-94 n.s.t. 'D n.d. n.d. 
NO3 -N 90-94 n.s.t.' n.d. n.d. 
NH4 -N 90-94 n.s.t.' n.d. 
ANC n.d. 
RUIS SO4* 90-95 _fl** n.d. n.d. 
(Ca+Mg)* 90-95 n.s.t. n.d. n.d. 
H+ 90-95 n.s.t. n.d. n.d. 
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Table 3.3 (Cont.) Summary of significant (p<0.05) monotonic trends for 1980s and 1990s detected by SK test in bulk deposition (DC), throughiall deposition (TF) 
and in chemistry of runoff water (RW). Signifi-cance levels (* = p <0.05, ** = p < 0.01, *** = p < 0.001) and slopes only for statistically significant 
trends are shown. Trend direction (+ or -) and a rate of change are expressed in slope value (DC and TF as meq m-2 yr' and RW as µeq 1- ' yr'). ') = wet deposi-
tion, = months V - X, = months VI - IX, 4) = Kendall test, (n.s.t.) = no significant monotonic trend detected, (n.d.) = no data or insufficient data. For 
504* and (Ca+Mg)* non-marine concentrations were used denoted with an asterisk. 
site 	parameter period 
DC 
slope 	period 
TF 
tree spec. 	slope plot 
RW 
period slope 
Europe 
R1i15 	NO3 -N 90-95 -0.53"** n.d. n.d. 
NH4 -N 90-95 -0.31` n.d. 
ANC n.d. 
United Kingdom 
GBOI 	504* 88-94 n.s.t. n.d. 011 89-95 -0.37** 
(Ca+Mg)* 88-94 +0.I0 n.d. 011 89-95 -I.IO* 
H+ n.d. n.d. 011 89-95 n.s.t. 
NO3 -N 88-94 n.s.t. n.d. (III 89-95 n.s.t. 
NH4 -N 88-94 +0.05** n.d. 
ANC 011 89-95 n.s.t. 
GB02 	504* 88-95 n.s.t. n.d. 021 89-95 n.s.t. 
(Ca+Mg)* 88-95 +0.12*** n.d. 021 89-95 -0.98* 
H+ 88-95 n.s.t. n.d. 021 89-95 n.s.t. 
NO3 -N 88-95 n.s.t. n.d. 021 89-95 -0.89** 
NH4 -N 88-95 n.s.t. n.d. 
ANC 021 89-95 -3.36 *`* 
Midwestern 
North America 
CA01 	504* 88-94 
(Ca+Mg)* 88-94 
H+ 88-94 
NO3 -N 88-94 
NH4 -N 88-94 
ANC 
_O.15* n.d. 001 89-94 -4.34** 
-0.06 ` n.d. 001 89-94 -6.44*** 
-0.16* n.d. 001 89-94 n.s.t. 
n.s.t. n.d. 001 89-94 -0.80* 
n.s.t. n.d. 
(101 89-94 n.s.t. 
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Modelling of areal hydrological 
variables within Hietajärvi IM 
catchment 
Sirkka Tattari and Jari-Pekka Ikonen 
Finnish Environment Institute 
Impacts Research Division 
P.O. Box 140 
FIN-00251 Helsinki 
Finland 
4.1 Introduction 
The movement of water in its various phases (gaseous, liquid, solid) across the 
Earth's surface constitutes the global hydrological cycle, and the exchanges of 
energy associated with these phase changes are a driving force for the weather 
and climate systems. Additionally, where water flows so will the substances 
contained within it. In order for water to transport a substance it must be physically 
within the water, either suspended as particulate matter or dissolved in solution. 
Despite the importance of the hydrological cycle, some aspects of this cycle 
and its underlying mechanism are still poorly understood. The climate change 
phenomenon has provoked improvements in the study of the processes of the 
boundaries of soil, vegetation and atmosphere transfer (SVAT). Evapotranspiration 
has been recognized as important variable in the water balance equation as 
precipitation and runoff. New techniques of evapotranspiration measurement have 
been developed and also tested in large soil-vegetation-atmosphere field 
experiments. One of the main goals of these experiments has been the development 
and evaluation of aggregation methods based on observational data from local to 
regional scales. The models have benefited greatly from the new data in the form 
of better parameterization of processes involved. 
The general tendency in modeling soil-plant-atmosphere processes has 
focused on the questions: what is the most appropriate method of representing 
heterogeneity and can the small-scale process equations be assumed to apply at 
larger e.g. grid scales. The arealization of SVAT model is based on calculations of 
energy balance components of individual vegetation and soil types and further 
combining the results to get areal weighted averages. 
The present study shows how data collected within the ICP IM framework is 
useful also for advanced hydrological modeling. The calibrated model can be used 
for assessing the effects of climate change scenarios on key ecosystem properties 
like soil moisture and temperature, and can thus contribute also to more policy 
oriented work. The present study has been carried as part of the EU/LIFE-project 
'Development of Assessment and Monitoring Techniques at Integrated Monitoring 
Sites in Europe'. 
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4.2 The Hietajärvi catchment 
The Hietajärvi IM area (63°10 N, 30043' E) is a small monitoring area (474 ha) in the 
Patvinsuo National Park situated in North Karelia in Eastern Finland. It consists of 
two catchments (Pieni Hietajärvi and Iso Hietajärvi) representing natural state 
areas without human settlements, agricultural areas, timber production, pesticides 
and fertilizers. The area is covered by upland forests (38 %), peatlands (35 %), 
lakes and ponds (24 %) and other areas ( 3 %). Upland forests include submesic 
heath forests, dry heath forests and mesic heath forests. Scots pine is the dominant 
tree species. Norway spruce, birch and aspen occur among the pine. Mire types 
include hummock level bogs, pine and spruce pine mires, poor pine fens, flark 
and intermediate-level bogs and flark fens and spruce mires. The dominating soil 
type inside the catchment is till. Some small eskers of glaciofluvial deposits occur 
in the eastern part of the catchment. Over a third of the area is covered by fibric 
histosols, with the remaining area being mainly divided between haplic and ferric 
podzols. (Mäkelä, 1995; H. Tanskanen and M. Starr, 1995; S. Tuominen and K. 
Mäkelä, 1995). 
4.3 Arealization of the ASTIM model 
ASTIM (Areal Surface Transfer Interface Model) was developed originally from 
the Deardorff SVAT (Soil Water Atmosphere Transfer) model (Deardorff, 1978; 
Taconet, 1986; Ben Mehrez, 1990) (Figure 4.1). It is based on simultaneous solution 
of the energy balance and continuity equations of the soil layers, soil surface and 
surface vegetation. The energy fluxes that are predicted comprise the radiation 
components, the sensible heat flux, the ground heat flux and the latent heat flux. 
The soil is described by two layers, i.e. the toplayer (0-0.1 m) and the root zone (0-
1.2 m) and is characterized by physical properties such as thermal and hydraulic 
properties and the surface albedo. Vegetation is described by stomatal resistance, 
the vegetation height, the albedo and the aerodynamical properties. The leaf area 
index is calculated by a plant growth model based on growing degree days. 
Atmospheric input includes air temperature, relative humidity of the air, wind 
speed, global radiation and precipitation measured at the weather stations and 
interpolated to a grid for areal use. 
Areal estimation of soil and vegetation properties is based on the soil land-
use and forest maps with 25m x 25m resolution. The model outputs are calculated 
for all combined soil and land use classes (Table 4.1). The arealization of the model 
is based on the calculations of the energy balance components of individual 
vegetation and soil types and further combining the results to get areal weighted 
averages. Generally the horizontal, e.g. advection effects are neglected. 
The ASTIM model has been applied in Finland to estimate evapotranspiration. 
The appropriateness of the parametrization used to obtain leaf area index and the 
stomatal resistance was evaluated for a barley field located in southern Finland 
(Tattari et al., 1995). Furthermore, the parametrization of the ASTIM model has 
been 'tuned' to fit the measured areal evapotranspiration (calculated with water 
balance method) in the Eurajoki drainage basin (Sucksdorff and Ottle,1990). The 
results of the two modelings were in very good agreement with the measurements. 
Further studies include the better parametrization of the model in forested river 
basins. 
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Figure 4.1 Schematic illustration of the ASTIM model. 
4.4 Climate scenarios 
The weather generator program CLIGEN (Carter et al., 1995) was used to generate 
stochastic daily time series of three climatological variables: precipitation (P), 
temperature (T) and cloudiness for future climate up to year 2100 for Hietajärvi. 
The growth in precipitation was assumed to be 1% per decade and the 
corresponding temperature change 0.4 °C per decade (=changed scenario). To be 
able to run the ASTIM model with the climate scenario data three more climatic 
variables are needed. Global radiation (G) was calculated as a function of generated 
cloudiness data. Wind speed and air humidity were estimated with a 5-year field 
data (P, T and G) from Hietajärvi applying linear regression. 
In figure 4.2 temperature and evapotranspitation development for present, 
and changed scenario is presented. The changed scenario result in 12-18 % increase 
in evapotranspiration. The straight line in figure 4.2 (lower) represents the 
regression: E = f(Temperature, Global radiation). 
4.5 Model results 
The ASTIM model was applied to estimate the energy and water balances for all 
the soil and land use classes in Hietajärvi catchment (see Table 4.2). The time period, 
1987-1991, chosen for modeling is also intensive water quality measurement period. 
Weather data was taken from Lieksa, Lampela (63°19' N, 30003 E) (temperature, 
relative humidity, precipitation, cloudiness, wind speed), Jyväskylä, airport (62°24' 
N, 25°41' E) (global radiation), Kuopio airport ( 63°01' N, 27°48' E) (sunshine hours) 
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Figure 4.2 Annual temperature in present and in changed climate scenario (upper). Annual evapotranspiration at Hieta-
järvi during 1990-2100, present and changed climate scenario (lower). 
and Joensuu airport (62°40 N, 29°38' E). In figure 4.3 the cumulative areal 
precipitation in Hietajärvi catchment during 1987-1991 and the changed scenario 
estimate for 2100 is presented. The amount of corrected precipitation varies between 
670-865 mm, of which 40 % came as snow. 
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Figure 4.3 Cumulative areal precipitation in Hietajärvi catchment during 1987-1991 and an estimate for 2100 with 
changed climate scenario. 
4.5.1 Soil moisture content 
Soil moisture content plays an important role in surface moisture and energy fluxes, 
in partitioning precipitation into runoff and storage terms, and also in ecosystem 
dynamics. Topography, land use, soil properties and meteorological factors all have 
strong influence on the soil moisture content. Generally the nutrient transport 
models (e.g. Gleams, SOIL) are very sensitive to the hydrological parameters and 
variables which determine the soil moisture content. 
In ASTIM model soil moisture variation is calculated in two different layers, 
the upper 0.1 m layer and the whole root zone (2 m). The soil moisture content is 
sensitive to soil hydraulic properties e.g. hydraulic conductivity and hydraulic 
potential and through evapotranspiration also sensitive on leaf area index and the 
stomatal resistance. The root distribution and the thickness of the soil layers affect 
the transfer of water by root uptake. Albedo of the soil affects the radiation balance 
and thus determines the energy available for evapotranspiration. In figure 4.4 the 
soil moisture variation in five different soil classes dominating in Hietajärvi IM 
station is presented. The highest variation of soil moisture content appears in the 
pine swamp and in the mixed forest with silt-clay soil. The relatively high values 
of soil moisture content in mixed forest with moraine soil needs to be 
reparameterized for the basin, where soil moisture measurements are available. 
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Table 4.1 Combined soil - land use classification used in the ASTIM model. 
Land use class 	 Soil class 	Class number 
Clouds and cloud shadows 
Water 7 
Fields and treeless areas on heathlands B,C,D,E,F(*) 	11,12,13,14,15 
Bare mountain regions and tundra 2 
Rocks and urban areas 3 
Peat production areas 4 
Open bogs 5 
Spruce swamps, 0-50 m3/ha 31 
Spruce swamps, 51-150 m3/ha 32 
Spruce swamps, > 151 m3/ha 33 
Pine swamps, 0-50 m3/ha 34 
Pine swamps, 51-150 m3/ha 35 
Pine swamps, > 151 m3/ha 36 
Pine and spruce forests, 0-50 m3/ha B,C,D,E,F(*) 41,42,43,44 
Pine and spruce forests, 51-150 m3/ha B,C,D,E,F(*) 45,46,47,48 
Pine and spruce forests, > 151 m3/ha B,C,D,E,F(*) 49,50,51,52 
Deciduous forests, 0-50 m3/ha B,C,D,E,F(*) 61,62,63,64 
Deciduous forests, 51-150 m3/ha B,C,D,E,F(*) 65,66,61,68 
Deciduous forests, > 151 m3/ha B,C,D,E,F(*) 69,70,71,72 
Mixed forests, 0-50 m3/ha B,C,D,E,F(*) 81,82,83,84 
Mixed forests, 51-150 m3/ha B,C,D,E,F(*) 85,86,87,88 
Mixed forests, > 151 m3/ha B,C,D,E,F(*) 89,90,91,92 
Total = 52 classes 
(*) B=rock plateaus, C=till, D=gravel and sand, E=peat, F=silt and clay 
4.5.2 Evapotranspiration 
The parameters that influence evapotranspiration most are leaf area index 
(LAI), canopy stomatal resistance (RST) and limiting evapotranspiration (SLIM). 
RST is zero in the presence of sufficient surface moisture e.g. when a vegetation 
canopy is wet. Otherwise, RST depends on the vegetation type and number of 
atmospheric and hydrological variables. Increasing LAI, the evaporative area of 
the vegetation increases, with the result that evapotranspiration increases. 
Increasing LAI 1 m2/m2 (from 3.5 to 4.5 m2/m2, evapotranspiration increases 24 
W/m2. RST works on the opposite way; increase of RST (from80 s/m to 90 s/m) 
decreases evapotranspiration by 16 W/m2. ELIM describes the maximum waterflux, 
which is available to evaporate and is naturally dependant on the soil moisture 
content. 
In figure 4.5 the cumulative evapotranspiration of five dominating vegetati-
on classes in Hietajärvi catchment during one year period is presented. Mixed 
pine- and spruce forest (more than 150 m3/ha solid timber) evaporates approxi-
mately the same amount water as a pine swamp (50 m3/ha solid timber). Evapora-
tion from lakes and ponds is considerably smaller. 
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Figure 4.4 Variation of soil moisture content in five different soil and land-use classes during June-October. 
Table 4.2 Species coverage and surficial deposits in Hietajärvi. 
Species Coverage (%) 
Open (water, non-forested) 49.3 
Pine 12.7 
Pine/Spruce 12 
Spruce 7.1 
Mixed (Pine/Birch) 18.2 
Birch 0.7 
Surficial deposits Coverage (%) 
Till 38.9 
Peat 36.8 
Water 22.8 
Coarse sand 1.5 
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Figure 4.5 Cumulative annual evapotranspiration in five different soil and land-use classes. 
4.6 Areal results 
4.6.1 Areal temperature 
Canopy surface temperature is a good indicator of water availability. When the 
soil begins to dry, the plant reduces its evaporation, and consequently its surface 
temperature rises. Correspondingly, when the soil is wet, plants evaporate more 
with the result of decreased surface temperature. The output of ASTIM includes 
five different temperature values; air temperature at above-canopy level, surface 
radiation temperature, vegetation temperature, and average soil temperature at 
two soil layers. As an example the average areal at vegetation and ground 
temperatures are presented in figure 4.6. The vegetation temperature follows 
closely the air temperature. At midday it even reaches higher values than air 
temperature during summer months. The day-to-day variation of soil temperature 
at the root zone is small. 
4.6.2 Areal evapotranspiration 
In figure 4.7 the cumulative areal evapotranspiration during 1987-1991 and 2100 
(=changed climate scenario) is presented. The modeled annual evapotranspiration 
varies between 400 - 570 mm, which is slightly bigger than the figures estimated 
with the water balance method for eastern Finland, presented by Solantie and 
Ekholm, 1985. Therefore, evaporation amounts to 60 % of the total precipitation. 
In figure 4.8 the map of evapotranspiration over the Hietajärvi catchment is 
presented on ist of July, 1987. The highest evapotranspiration values represent 
the forest areas (light colors). 
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Figure 4.7 Cumulative areal annual evapotranspiration in Hietajärvi catchment during 1987-1991 and an estimate for 
2100 with changed climate scenario. 
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Figure 4.8 Distribution of modelled evapotranspiration in Hietajärvi catchment. 
4.7 Conclusions 
Areal surface energy fluxes (latent heat, sensible heat, ground heat and net 
radiation), temperatures in soil and vegetation as well as soil moisture content in 
two soil layers were modeled using an arealized ASTIM model. The parametrization 
of soil and land-use types has been developed to include the major vegetation and 
soil classifications with their annual development. Satellite images were used to 
estimate the minimum stomatal resistance from NOAA AVHRR images for each 
land-use class. 
For the present, the ASTIM model has been validated, firstly, for agricultural 
crop (barley) and secondly, for one river basin in Finland. In the former case, the 
validation of the model has been based on the following measured variables: 
Bowen-ratio evapotranspiration, net radiation, ground temperature, soil moisture 
content and vegetation temperature. In the latter case, the comparison has been 
made with the water balance evapotranspiration. In the case of Hietajärvi, no 
measured variables were available for the comparison of the model output. 
The modeled annual evapotranspiration varied between 400 - 570 mm during 
1978-1991, which makes approximately 60 % of the total precipitation. Mixed pine-
and spruce forest (more than 150 m3/ha solid timber) evaporates approximately 
the same amount water as a pine swamp (50 m3/ha solid timber). Evaporation 
from lakes and ponds is smaller. There were large deviations in the soil moisture 
content between different soil and land use classes. 
In the near future, the modeled ground temperatures in Hietajärvi catchment 
can be compared with measured ones. Furthermore, the parametrization of the 
ASTIM model for pine-spruce forest with moraine soil can be refined in one forested 
river basin, where areal soil moisture measurements are available. The refined 
model will also be used for the assessment of the effects of several climate change 
scenarios. 
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The Integrated Monitoring Programme (ICP IM) is part of the Effects 
Monitoring Strategy under the UN ECE Convention on Long-Range 
Transboundary Air Pollution. The main aim of ICP IM is to provide a 
framework to observe and understand the complex changes occurring in 
the external environment. The monitoring and prediction of complex 
ecosystem effects on undisturbed reference areas require a continuos 
effort to improve the collection and assessment of data on the 
international scale. 
This report presents results from assessment activities carried out by the 
ICP IM Programme Centre and collaborating institutes during the 
programme year 1996/97 including: 
• a summary of the present monitoring activities and the content of the 
ICP IM database, as well as a description of the development of a GIS 
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• an assessment of the use of steady-state techniques vs. dynamic 
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• results from a trend analysis of ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry. These results show that 
statistically significant trends can be detected for both deposition and 
runoff water quality at many sites across Europe, as a response to the 
emission reduction protocols signed under the UN ECE LRTAP 
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• a demonstration of the use of ICP IM data for advanced hydrological 
modelling. The calibrated SVAT model can be used for assessing the 
effects of climate change scenarios on key ecosystem properties like soil 
moisture and temperature. 
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